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Abstract

The object of the field experiment was winter bread wheat grown under
basic fertilization with organic fertilizers. Against the background of different
levels of nitrogen top-dressing in combination with other major agronomic fac-
tors, changes in grain yield and its main components were monitored over a
three-year period. The objective of the study was to analyze the effects on
productivity of fertilizers with an organic composition compared to the mineral
fertilizer DAP. The field experiment investigated three main agronomic fac-
tors expected to influence grain yield and its components: fertilizer type with
mineral (DAP), organo-mineral (Sonar), and fully organic composition (Italpol-
lina); three levels of nitrogen fertilization during vegetation (N50, N100, and
N150); and three crop sowing densities: 450, 550, and 650 viable seeds m−2.
Variation in all studied traits was mainly due to differences in seasonal condi-
tions (D), followed by fertilizer type (A), nitrogen rate (B), and sowing density
(C). Interactions between factors were significant only for (A×B) and (A×D)
for all traits, and for (A×B×D) only for grain yield and number of productive
tillers. Fertilizers containing organic matter showed a similar or stronger effect
on grain yield and its components compared to the mineral fertilizer DAP un-
der varying seasonal conditions. Fertilization with Italpollina resulted in grain
yield comparable to the control (DAP), whereas the application of Sonar led
to higher grain yield. The maximum achievable grain yield was obtained at
the intermediate nitrogen rate (300 kg ha−1) and a sowing density of 550 seeds
m−2, due to the most favourable balance among productivity components.
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Introduction. Long-term fertilization predominantly with mineral fertilizers
over the last 50 years has led to a drastic reduction in soil organic matter [1–3]
and other strongly negative effects on soil properties [4,5]. On the other hand, the
use of compound fertilizers (NPK) has increased because they have demonstrated
advantages over fertilizers containing a single macronutrient. The application
of organic fertilizers, although beneficial for crops, remains very limited and is
mainly associated with organic production of vegetables and fruits, where their
use is mandatory [6].

In recent years, the cultivation of cereal crops has seen the introduction of
various solid or liquid fertilizers of organic origin [7,8]. In their efforts to increase
yield or mitigate stress on crops, producers have turned to these products, as a
wider selection is now available [9, 10]. Organic fertilizers were not widely used
in the past mainly because they were scarcely available on the market, except for
products related to vermicompost (California red worms) and some peat-based
products.

Scientific and technological progress has led to the production of a new broad
range of fertilizers, including the so-called organo-mineral fertilizers (OMF) [11,
12]. These fertilizers can serve as suitable inputs for sustainable agriculture be-
cause they promote slow and prolonged nutrient release throughout the growing
season, resulting in higher nutrient use efficiency and improved soil moisture re-
tention.

At present, several types of organic fertilizers are available in the country,
but their effects on wheat plants are still poorly understood [13, 14]. Among the
organic products studied so far, solid organic and organo-mineral fertilizers are
the most investigated [13, 17], although scientific information on their effects on
cereals remains limited [7, 16]. How would these fertilizers affect wheat when
applied within the framework of modern agronomic practices? Would they pro-
vide advantages for the crop, soil, and agricultural land ecology, as suggested by
some studies [10,18,19]? These questions require answers through systematic and
comprehensive research using established scientific methods and approaches.

Therefore, the objective of the present study was to investigate the effects
of organic-origin products on wheat, both individually and in combination with
major agronomic factors influencing grain yield.

Material and methods. The study was organized as a multifactorial field
experiment investigating several key technological factors: fertilizer type (A =
DAP, 200 kg ha−1, Sonar, 200 kg ha−1, and Italpollina, 400 kg ha−1), nitrogen
top-dressing rate (B = N50, N100, and N150 kg ha−1 active substance), and
sowing density (C = 450, 550, and 650 number of viable seeds m−2), while seasonal
conditions were considered a random environmental factor (D = 2021, 2022, and
2023). The experiment was conducted under the soil and climatic conditions of
Dobrudzha Agricultural Institute, General Toshevo, Dobrich region.
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The field experiment involved the cultivation of the model wheat cultivar ABC
Kolino, following sunflower as the preceding crop. Each combination of factors
was established in plots with a harvested area of 8.5 m2 and four replications. A
randomized block design was used to allow appropriate statistical analysis of all
productivity traits under study.

To ensure uniform growing conditions, plant protection practices were ap-
plied to eliminate potential effects of weeds and diseases. Sowing was performed
within the optimal period (1–10 October) each year. Seeds were prepared and
treated with a fungicide (Rancona). All other agronomic practices during vege-
tation followed the specific methodology to ensure objective comparison among
factors. Di-ammonium phosphate (DAP), a widely used fertilizer for basal autumn
fertilization, was adopted as the standard control treatment.

In relation to the study objective, the following quantitative traits were an-
alyzed: grain yield (GY, t ha−1), number of productive tillers per m2 (NPT),
thousand grain weight (TGW, g) and number of grains per spike (NGS). All
traits were determined from crop samples taken from 0.25 m2 in each of the four
replications per treatment. Statistical analyses were conducted using IBM SPSS
Statistics 23 and Statgraphics Centurion 18.

Results and discussion. The effects of the studied factors on all traits
were highly significant (Table 1). Exceptions were observed for the non-significant
effects of fertilizer type on the number of grains per spike (NGS) and sowing den-

T a b l e 1

Analysis of variances (Mean Square) of the quantitative traits by the main factors
of the experiment

Source of
df

Mean Square + Significance1

variation GY NPT TGW NGS

A 2 1.443∗∗∗ 61689.498∗∗∗ 112.296∗∗∗ 40.323 ns
B 2 55.064∗∗∗ 208551.029∗∗∗ 706.203∗∗∗ 1110.321∗∗∗

C 2 2.795∗∗∗ 320138.48∗∗∗ 8.082 ns 1251.03∗∗∗

D 2 1628.496∗∗∗ 4762957.152∗∗∗ 3406.414∗∗∗ 3215.468∗∗∗

A× B 4 2.638∗∗∗ 8659.004∗∗∗ 10.952∗∗∗ 88.363∗∗∗

A× C 4 0.303 ns 564.313 ns 1.846 ns 5.292 ns
A×D 4 22.568∗∗∗ 36169.498∗∗∗ 108.239∗∗∗ 688.593∗∗∗

A× B× C 8 0.119 ns 1351.52 ns 4.105 ns 10.336 ns
A× B×D 8 1.591∗∗∗ 10525.486∗∗∗ 19.661 ns 19.671 ns
A× C×D 8 0.304 ns 2997.57 ns 6.601 ns 19.924 ns
A× B× C×D 16 0.23 ns 1309.70 ns 4.205 ns 14.353 ns
Error 891 0.331 2068.332 4.52 19.77

GY – Grain yield, t ha−1; NPT – Number of productive tillers; TGW – Thousand grain
weight, g; NGS – Number of grains per spike; 1 – by p-value at ∗p < 0.05; ∗∗p < 0.01;

∗∗∗p < 0.001, ns – not significant, A = Fertilizer type, B = Nitrogen rate,
C = Seed density, D = Season environment, df = degrees of freedom
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sity on thousand grain weight (TGW). Only some factors interacted significantly
across all traits, namely fertilizer type × nitrogen rate (A×B) and fertilizer type
× season (A×D). The three-way interaction A× B×D was significant only for
grain yield (GY) and number of productive tillers (NPT). No four-way interaction
was detected for any of the traits.

Mean square values for the seasonal factor were the highest for all traits,
followed by fertilizer type and nitrogen rate. Variance analysis confirmed that it
was appropriate to examine the effects of individual factors and their combinations
on the main productivity components.

The comparison of factor levels provides rich information for analysis (Ta-
ble 2). Seasonal growing conditions (D) resulted in significant differences among
traits. Particularly pronounced differences were observed for nitrogen fertiliza-
tion levels (B), showing a parallel increase in trait values with increasing nitrogen
rates. A similar trend was observed for sowing density, with the highest values
obtained at the intermediate density of 550 seeds m−2.

No significant effects of fertilizer type on NGS or of sowing density on TGW
were detected. The organo-mineral fertilizer Sonar induced a significant positive

T a b l e 2

Differences in the means of the quantitative
traits by the main factors of the experiment

Main factors GY NPT TGW NGS

Fertilizer type

DAP1 8.09 a 533 a 43.1 a 34.1 a
Italpollina 8.09 a 518 a 44.3 c 34.4 a

Sonar 8.21 b 545 b 43.6 b 34.7 a

Nitrogen rate (kg ha−1)

N50 7.67 a 505 a 45.2 c 32.5 a
N100 8.24 b 535 b 43.6 b 34.5 b
N150 8.47 c 556 c 42.3 a 36.2 c

Season environment

2021 10.32 c 644 c 46.7 c 31.9 a
2022 8.23 b 550 b 40.2 a 37.9 c
2023 5.84 a 403 a 44.1 b 33.4 b

Seed density (Number of seeds m−2)

450 8.04 a 500 a 43.5 a 36.3 c
550 8.22 c 533 c 43.8 a 34.5 b
650 8.13 b 563 b 43.7 a 32.4 a

1Di Ammonium Phosphate; Means followed by the same letter(s) in a column for each variable
are not significantly different based on Duncan’s post hoc test, at α = 0.05
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effect on most traits (except NGS), with values significantly higher than those of
the other fertilizers. Italpollina showed a significant advantage over DAP only for
thousand grain weight.

Two main factors, apart from season, substantially influenced trait magni-
tude against the background of fertilizer type: nitrogen rate and sowing density.
Their interaction with fertilizer type provides information on optimal technologi-
cal variants for achieving high and stable yields across seasons (Fig. 1).

The highest nitrogen rate (150 kg ha−1) resulted in the strongest increase in
most traits, except TGW, which showed the lowest values at this level. Notably,
Italpollina produced the highest trait values at the lowest nitrogen level (50 kg
ha−1), except for NPT. For NGS at the highest nitrogen rate, no significant dif-
ferences among fertilizers were observed.

Trait performance under different sowing densities showed marked differences
(Fig. 2). For NPT and NGS, differences among densities were significant regardless
of fertilizer type, with the highest values at the lowest density. No differences in
TGW were observed among densities. For grain yield, significant differences were
found between the lowest and higher densities, confirming 550 viable seeds m−2

as the optimal density for this experimental setup.

Fig. 1. Two-factor conditional comparisons for the interaction of Fert × N for traits GY (A),
NPT (B), NGS (C) and TGW (D)
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Fig. 2. Two-factor conditional comparisons for the interaction Fert × Dens for traits GY (A),
NPT (B), NGS (C) and TGW (D)

Fertilization of wheat with organic fertilizers can be an alternative to ex-
clusive mineral fertilization. Results clearly indicate that basal fertilization with
organic fertilizers combined with moderate nitrogen top-dressing (100 kg ha−1

active substance) can achieve high grain yields due to an optimal balance among
productivity components. Similar results were reported by Carciochi et al. [17],
who found 13% higher wheat yields with organic fertilizers compared to mineral
ones. Therefore, it is recommended that mineral fertilizers be replaced by organic
fertilizers for at least 25% of the crop’s macronutrient requirements [15].

The most pronounced differences were observed for TGW across the three
nitrogen levels and all fertilizer types. These results are largely consistent with
those reported by Burak and Sakrabani [11], Tsenov et al. [7, 15], with the
exception that the fully organic fertilizer Italpollina and DAP showed comparable
mean values for GY and NPT, whereas only Sonar resulted in significantly higher
values. Overall, the fertilizers proved to be more effective at higher nitrogen rates,
while for all traits except TGW no significant differences were observed between
nitrogen applications of 100 and 150 kg ha−1.

Trait responses to different sowing densities showed clearly differentiated pat-
terns (Fig. 2). For the number of productive tillers and the number of grains per
spike, statistically significant differences among the three sowing densities were ob-
served regardless of fertilizer type, with the highest values recorded at the lowest
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density and vice versa. No significant differences in TGW were detected among
sowing densities for any fertilizer. For grain yield, significant differences were
found between the lowest density (450 seeds m−2) and the two higher densities
(550 and 650 seeds m−2), once again indicating that 550 seeds m−2 represents
the optimal sowing density for the present experimental design. However, at this
density the number of grains per spike was lower than that observed at the highest
density, particularly under fertilization with organic-based products.

Fertilization of wheat with organic fertilizers may represent a viable alterna-
tive to exclusive reliance on mineral fertilizers. This conclusion is supported by
results clearly demonstrating that basal fertilization with organic fertilizers com-
bined with moderate nitrogen top-dressing (100 kg ha−1 active substance) can
produce high grain yields. These yields result from an optimal sowing density
that promotes a favourable balance among yield components. Similar findings
were reported by Carciochi et al. [17], who observed 13% higher wheat yields
following the application of organic fertilizers compared with mineral fertilizers.
Consequently, it has been recommended that mineral fertilizers be replaced by
organic fertilizers for at least 25% of the crop’s macronutrient requirements [15].

Conclusions. Seasonal environmental conditions exert the strongest influ-
ence on grain yield and its components compared with the studied agronomic
factors. Although the direct effects of each main factor are statistically signifi-
cant, their individual contributions are relatively small for all traits. In contrast,
interactions among the main factors are relatively stronger than their individual
effects, ranking second in importance after seasonal conditions.

Each level of the main agronomic factors affects trait expression, with particu-
larly pronounced responses observed with increasing nitrogen rates and depending
on fertilizer type. The demonstrated higher positive effect of organic fertilizers
on grain yield is mainly attributable to increases in the number of productive
tillers and the number of grains per unit area. A sufficiently high grain yield can
be achieved at the intermediate nitrogen rate (100 kg ha−1), owing to the most
favourable balance among yield components at this level.

Fertilizers containing organic matter (Sonar and Italpollina) exert comparable
or even stronger positive effects on grain yield and its components than the mineral
fertilizer DAP under conditions of pronounced meteorological anomalies.
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